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1 
The present invention relates to improvements 
in off seuls for shafts and the like, and in par- 
ticular to end face seuls of the diaphragm type. 
If is an Object of the invention to provide an 
improved diaphragm seul assembly of the type 
referred to, including an elongated, axially ex- 
tending or tubular diaphragm of resilient, fiuid 
impervions material having an improved con- 
struction rendering the same readily flexible in 
the axial direction to accommodate end play in 
operation, said diaphragm also having novel 
means for associating a separate, annular seal- 
ing nosepiece therewith and for preventing in- 
advertent dislodgment of said nosepiece from the 
assembly. 
Another object is to provide a seul assembly 
including an elongated, sleeve-like, flexible dia- 
phragm, a separate annular nosepiece associuted 
with said diaphragm in a recess at one axial end 
thereof and an annular retaining CUl) disposed 
in peripherally confining relation to said dia- 
phragm to resist displacement or dislodgment 
of said nosepiece from said recess, said assez- 
bly being characterized by ifs relatively slight 
cost of production and by the ease and speed 
with which the parts thereof are pemanently 
assembled together and installed in operating 
position relative to a pair of relatively rotatable 
members to be sealed. 
More specifically, it is an object to provide an 
axially elongated, resi]ient sleeve-like diaphragm 
having an annular and radially undercut recess 
in a thickened end portion thereof, together with 
a separate rigid nosepiece or sealing element 
which is removably disposed in said undercut 
recess and an annular, apertured cup-like re- 
ruiner telescoped over said thickened portion of 
the diaphragm in peripheral confining relation 
thereto, whereby to prevent 'undesired dislodg- 
ment of said nosepiece from said recess by dis- 
tortion of the material of the diaphragm, there 
being means associated with said diaphragm 
and retainer serving fo urge the latter-in an 
axial direction and thus to maintain ifs con- 
fining engagement with said thickened diaphragm 
portion. 
A still further specific object is to provide a 
seul assembly of the foregoing character includ- 
ing a diaphragm member having any one of 
several novel sectional shapes enabling ready 
axial telescoping or yielding of the diaphragm 
in the operation of the seal to accommodute end 
play of the parts sealed. 
The foregoing statements are indicative in a 
general way of the nature of the invention, but 
other and more specific .objects will be appar- 
ent to fhose skilled in the art upon a full under- 
standing of the construction and operation of the 
device. 
Various embodiments of the invention are pre- 
sented .herein for purpose of exemplification, 
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2 
and it will be apprecited that the invention is 
susceptible of incorporation in still other modi- 
fied forms coming equally within the score of 
the .appended claires. 
5 In the drawings, 
Fig. 1 is a fragmentary view in central xial 
section through an installation of the seul of 
the invention, in  preferred embodiment theze- 
of, illustrating the general construction of .the 
10 seul and the relation of its parts to a -pair of zel- 
atively rotatable members -to be sealed; 
Fig. 2 is an enlarged view in longitudinal sec- 
tion through the axis of the resilient, fiUid im- 
pervious diaphragm element o the seal illustrat- 
15 ing details of the construction of .the diaphragm, 
and also indicating in broken line the operative 
relationship to the diaphragm of a separate seal- 
ing nosepiece; 
Fig. 3 is a view in section through the aper- 
20 tured retaining cup embodied in the sel as 
sembly, being tuken on a line corresponding ap- 
proximately to line 3--3 of Fig. 
Fig. 4 is a top. plan view of the aforesaid retain- 
ing cup; 
5 Fig. 5 is a view in longitudinal central section 
through the axis of a seul assembly in accord- 
ance with a somewhat modified fore 'of the 
invention, being taken on a line corresponding 
to line  of Fig. 6; 
30 Fig. 6 is an end face view of the seul assembly 
of Fig. 5, viewed from the right-hand side of the 
last named figure; 
Fig. 7 is a fragmentry view in section gen- 
erally similar to Fig. 5, i!lustrating the seul 
35 sembly of that figure in operative, installed rela- 
tion to a pair of parts sealed; and 
Fig. 8 fs a sectional view longitudinally of the 
axis of a still further modified fore of seul as- 
sembly contemplated by the invention. 
4O The present invention affords an improved, 
simplified and very expeditiously ussembled and 
installed off seal of the axial diaphragm type 
adapted to be emloloyed to seal a pair of rela- 
tively rotating parts against loss or leakage of 
a liquid therebetween, as we!l as to prevent the 
45 entrance of another fiuid or of dirt and foreign 
marrer therebetween. 
The present improvements are concerned pri- 
marily and genera!ly with the provision of a 
resilient diaphragm seul which is adapted to 
50 yield in the axial direction in operation to 
accommodate repeuted end play movements of 
the members sealed, without becoming inopera- 
tire; and also vith the provision of n0vel means 
for holding a separate rigid face sealing e!ement 
 5 or nosepiece in operative ussembly with the other 
parts of the seal. 
Referring to Figs. 1 to 4 inclusive of th draw- 
ings, wherein a preferred embodiment is illus- 
trated, the seul assembly of the invention is gen- 
if} erlly designated in Fig. I by the reference 
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nurneral 0. This seal is made up of the axially 
extending, tubular or sleeve-like diaphragm 
member  | which is integrally fabricated in one 
piece by molding the saine of a resilient and flex- 
ible material impervious to attack by the mate-. 
rial to be handied by the seal, such as a suitable 
synthetic rubber compound; an apertured, cup- 
like retaining member or flanged ring  2; a coiled 
expanding spring |3; and an annular face sealin 
element or nosepiece 4 which is retained in an 
undercut end of the diaphragm | by the re- 
tainer 2, under the action of said spring. 
Structural details of the diaphragm, as-well as 
the associated nosepiece, are illustrated in Fig. 2, 
while the features of the confining retainer or 
ring |2 are shown in Figs. 3 and 4. Fig. 1 shows 
an operative installation of the seal assembly |0 
in relation fo a pair of relatively rotating parts 
fo be sealed, for example, the rotary shaït-driven 
impeller 5 of a washing machine and a fixed 
casing or like member |6. 
teferring fo Fig. 2, the diaphragm  is of 
circular section and is characterized by an 
axially extending steeve portion 17 of predeter- 
mined radial thickness which merges fo the left 
with an annular, radially outwardly extending 
base, fiange or shoulder 8. A possible point of 
weakness at the junction of sleeve portion and 
flange |8 is avoided by the taper of the formèr, 
and at the saine rime a better control of the zofle 
of axial flexure of the diaphragm is obtained, as 
will be described. The remainder of the sleeve 
portion is molded in a generally re-entrant, in- 
wardly and reversely directed configuration, as 
indicated by the reïerence numeral 9, merging 
with a further axially extending portion 20 of 
restlcted diameter. Said restricted diameter 
portion in turn merges to the right into a radi- 
ally and axially thickened fiange 2 through an 
intermediate tapered fillet 22. The latter is pro- 
vided to avoid a sharp corner angle at this point, 
which might constitute a zone of weakness, and 
fo localize the zone of fiexure of the diaphragm 
adjacent the re-entrant inward formation  9. 
The thickened forward flange 2 is Pr0vided 
with a radially undercut face groove or recess 23, 
at ifs ïorward side and adjoining the bore of the 
diaphragm, for the reception of the carbon, mild 
steel or similar, relatively rigid nosepiece |4, the 
curer wall 24 of said recess inclining rearwardly 
and radially outwardly to the rear abutment wal] 
5 of the recess. Nosepiece |4 bas the external 
peripheral surface thereoï tapered in conformity 
with the taper of the recess surface 24 whereby 
tobe snugly received in the recess, as illust]'ated 
in Fig. 2. It is generally desirable to provide 
about a 3 ° taper of the peripheral surface of the 
diaphragm fiange portion 2 rearwardly at 26, 
for a purpose which vill appear. 
teïerring to Figs. 3 and 4 in conjunction with 
 Fig. 1, the retaining member 2 is ïabricated of 
an ammlar sheet metal stamping shaped in cir- 
cular cup-like outline to provide the rear radial 
fiange 27, which is centra]ly apertured ai 28, and 
the forwardly projecting annular retaining rira 
9. The latter is provided with diametrically 
opposed, radially projecting locking ears  for 
a purpose to be described. Rira 29 bas an inner 
diameter approximating the curer diameter of 
.the thickened diaphragm flange portion 2 |, en- 
abling its axial telescoping over the latter. 
In assembling the seal, the expansion spring |3 
and the cupped retaining member  2 are disposed 
around the medial body portion of the dia- 
phragm, with the spring abutting diaphragm 

4 
flange |8 and the rear flange 27 of said member. 
Said retaining member is disposed to open for- 
wardiy or fo the right, so tha.its rira 29 may en- 
circle the periphery of the diaphragm flange 
5 in operative position. When the parts are so po- 
sitioned, retainer 2 is shifted rearward]y against 
the force of spring  fo free the flange portion 
2 -from external confinement by rira 29 and to 
enablé the said .flange tobe fiexed fo a]low nose- 
t0 piece |4 fo be slipped into place in the under- 
cut recess 2. The retainer is then allowed to 
spring forwardiy in coniïning engagement with 
said thickened flange -, compressing the fiange 
and thereaïter preventing inadvertent dislodg- 
t5 ment of said nosepiece, from the recess 23. The 
slight taper 26 of the flange 2  of the diaphragm 
ïacilitates disengagement and re-engagement of 
the retainer and diaphragm flange in the manner 
reïerred fo. 
20 In insta]led position, th rear fiange |8 of the 
seal axiatly abuts a radial]y extending flange 
or other surface of the member 16, whfle the 
nosepiece 4 is rotatively engaged by the matin 
ring 2, which is illustrated as carried in a coun- 
25 terbored recess 3 of the member |5. The latter 
may be secured fo the rotary shaft 34 as by means 
of a set screw 
In operation, end play of the sealed parts is 
absorbed by axial telescoping movement and fiex- 
30 ure of the body portion of diaphragm |, said 
flexure being confined fo the radial re-entrant 
portion 9. Spring 3 maintains effective axia] 
sea]ing thrust on the assembly, urging the nose- 
piece | 4 against the coacting mating ring 2. to- 
35 ration of the diaphragm seal assemb]y relative to 
the member  is prevented by engagement of 
the locking ears  in simflarly spaced notches 
or recesses 3 in said member, as illustrated in 
Fig. 1. Under certain circumstances if may be 
40 ïound desirable to effect a similar angular ]ock- 
ing of the thickened flange portion  ! of the dia- 
phragm relative to the cup member  and to 
the nosepiece 4, although the friction produced 
between the parts as an incident fo the confine- 
4 ment of said flange in the cup norma]ly is suf- 
ficient for this purpose. 
Two s]ightly modified embodiments of the fore- 
going assembly are illustrated in Figs. 5 through 
S oï the drawings, wherein parts corresponding fo 
50 parts shown in Figs. 1 fo 4 inclusive are indicated 
by corresponding reïerence numerals. The ïorm 
il]ustrated in Figs. 5, 6 and 7 is shni]ar fo that 
appearing in Figs. 1 through 4, with the excep- 
tion of the shape and proportioning of the media] 
C diaphragm configuration, here designated 35, 
whereby axial yielding of the diaphragm is 
cilitated. 
As shown in Fig. 5, this portion is of sornewhat 
lesser radial thickness than the portions of the 
c) diaphragm, located on either side thereof and 
designated by the reference numerals 39, 40 re- 
spective]F. Member 38 is mo]ded in the ïorm of 
a groove which extends radia]ly inwardly in a 
generally semi-circular, U-shaped outline in the 
5 free condition of the sea] shown in Fig. 5. When 
compressed and inserted in operative relation to 
the parts  5,  6 being sealed, the member 38 fiexes 
axially and radially, as shown in Fig. . The 
provisions for receiving and ]ocking the nose- 
70 piece |4 are similar to those described in con- 
nection with Figs. 1 through 4, as is also gen 
eral]y true of the cup member 12 which radial]y 
confines the nosepiece end of the diaphragm,   
The modification i]lustïated in Fig. 8 differs 
75 f.r0D1 that illustrated in Figs. 5, 6 and 7 in .that 
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the diaphragm is provided with a medial inward 
formation 42 of angular or V-shaped outline be- 
tween the axially extending portions 4S, 44 on 
either side thereof. The material of this mem- 
ber 42 is also of somewhat Iesser radi«l thickness 
than that of the remainder sleeve portions S,  
of the diaphïagm body. Provisions for retain- 
ing the nosepiece | in place with respect to the 
diaphragm are similar fo those discussed above. 
In any of the foregoing modifications the sea] 
is characterized by the Iow cost of production 
thereof and by the ease and speed with which the 
comportent parts are assembled fo one another. 
ïhe seaI is devoid of special fastening means or 
adhesive or other connection between the nose- 
piece | and diaphragm, relying primarily on the 
pelpheral confining and restricting action on the 
thickened forward flange and associated cup 
member fo maintain said nosepiece in place. 
The special flexing provisions in the diaphragm, 
i. e., formations |9, S$ or 42 in the body thereof, 
insure a desired responsivity in yielding axia]ly 
in operation without fai]ure of the diaphram, 
esp.ecia]ly at said formations. 
I c!aim: 
1. In an end thrust seal of the tubular dia- 
phragm type, for use in cormection with a shaft 
and a member rotatab]e relative fo said shaft in 
stationary sealed engagement with said member 
and in externa] te]escoping, rotatab]y sealed re- 
Iation to said shaft, and in association with an 
armular nose piece of rigid material and a coiI 
spring for yielding]y resisting endwise movement 
of the nose piece; a tubular diaphram of soït 
flexible resilient materia] having said nose piece 
Lu fixed relation to an end thereof and being 
characerized by two radialIy extending end 
fianges against which the ends of the spring 
bear, and by tubu!ar sections of different radial 
diameters Iocated at the inner extremities of the 
end flanges and connected together af their ad- 
jacent ends by a radia]]y extendïng web, said 
sections being free for fiexing movement in areas 
of substantial size on opposite axiaI sides of said 
web and being adapted to partial]y te]escope with 
respect to each other upon endwise co]Iapse of 
the diaphragm, the smaI]er of said sections be- 
ing of substantialIy larger diameter than the in- 
ner diameter of the nose piece and being of such 
size relative to said shaft as fo provide substan- 
tial radial clearance with respect to the saine. 
2. In an end thrust seal of the tubu]ar dia- 
phragm type, for use in connection with a shaft 
and a member rotatable relative to said shaft in 
stationary sea]ed engagement with said member 
and in external telescoping, rotatab]y sealed re- 
lation to said shaft, and in association with an 
annular nose piece of rigid materiaI and a coil 
spring for yie]ding]y resisting endwise movement 
of the nose piece; a tubular diaphragm of soft 
flexible resi]ient material having said nose piece 
in fixed relation to an end thereof and being 
characterized by tv¢o radially extending end 
flanges against which the ends of the spring 
bear, and by tubular sections of different radial 
diameters located at the inner extremities of the 
end fianges and connected together ai their ad- 
jacent ends by a radialIy extendLug web, said 
sections being free for fiexing movement in areas 
of substantial size on opposite axial sides of said 
web and being adapted fo partia]ly telescope with 
respect to each other upon endwise col]apse of 
the diaphragm, the smaller of said sections 
ing of such size relative fo said shaft as to pro- 

vide substantial radial clearance with respect fo 
the same. 
3. In an end thrus sea] of the tuba]af dia- 
phragm type, for ue in connection with a shaft 
and a member ïotatable relative fo said shaft in 
stationary sealed engagement with said member 
and in exerna! te!escoping, rotatb!y sealed re- 
lation o said shaft, and in association with an 
arm.ular nose piece of rigid materia] and a coiI 
10 sprlng for yieldiniy rsisir_,g endwise movement 
of the nose piece; a tuba!af diaphragm of sort 
flexible ïesi]ient material having said nose pece 
in fixed relation to an end theïeof and being 
chaïacterized by two radia]Iy extending end 
15 flanges against which the ends of the spring 
bear, and by concentric cy]indrical sections of 
different radial diameters located at the inner 
extremities of the end flanges and cormected fo- 
gether at their adjacent ends by a radia]ly ex- 
20 tending web, said sections being free for flexing 
movement in areas of substantial size on opposite 
axial sides of said web and being adapted fo par- 
tia]]y telescope with respect to each other upon 
endwise coI]apse of the diaphragm, tl]e smaller 
25 of said sections being of such size relative to said 
shaft as to provide substantial radial clearance 
with respect to the saine. 
4. In an end thrust seal of the tubular dia- 
phragm type, for use in connection with a shaf 
30 and a member rotatable relative fo said shaft, 
in stationary sea]ed engagement with said ruera- 
ber and in externa] telescoping, rotatably sealed 
relation to said shaft, and in association with an 
armular nose piece of- rigid material and a coil 
35 spring for yieldingly resisting endwise movement 
of the nose piece; a tubular diaphram of soft 
flexible resi]ient materia] havin said nose piece 
in fixed relation fo an end thereof and being 
characterized by two radial]y extending end 
0 fianges against which the ends of the spring bear, 
and by concentric cylindrical sections of differ- 
ent radial diameters located at the irmer ex- 
tremities of the end fianges and connected 
gerber at their adjacent ends by a radiaI]y ex- 
45 tending web, said sections being free for fiexing 
movement in areas of substantial size on oppo- 
site axial sides of said web and being adapted to 
partially telescope with respect to each other up 
on endwise co]lapse of the diaphragm, the small- 
50 er of said sections being of substantial]y larger 
diameter than the inner diameter of the nose 
piece and being of such size relative fo said shaft 
as to provide substantial radial clearance with 
respect to the same. JOHN tt. SEFIEN. 
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